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NoVOCs™ INSTALLATION AT OCEANA NAVAL AIR STATION

Setting

Hydrogeology

Contamination

Inorganic
Chemistry

Initial Results

DCE Case Stupy

Oceana NAS, Virginia
Single well pilot NoVOCs installation

Fine sand with silt, hydraulic conductivity ~ 1x10-3 cm/sec
Saturated thickness - 15 feet

Hydraulic gradient - 0.007 ft/ft

Vadose zone thickness - 3 to 5 ft.

cis-1,2-DCE - peak concentrations as high as 10,000 ppb
Lower levels of BTEX and TPH present
Primary objective of hot-spot mass removal

Dissolved iron - 80 ppm

Pumping rate - 5 gpm

Period of operation - 3 month pilot operation _

Radius of influence greater than 40 feet, about 3 times plume thickness
BTEX reduced to levels below or near detection limits

Maximum 1,2-DCE concentration reduction - 99+ %

Most wells within treatment zone have reached 1,2-DCE cleanup standard
after 3 months of operation

1,2-DCE CONCENTRATION REDUCTIONS, 3 MONTHS OF OPERATION
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NoVOCS™ INSTALLATION AT OCEANA NAVAL AIR STATION

DCE CONCENTRATION REDUCTION PROFILES
(NOTE THE LOGARITHMIC SCALE ON THE Y-AXIS)
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‘Operation Details

- 3 hp & 1.5 hp regenerative blowers
- Off - gas treatment - granular activated carbon

- pH control - automated acid metering system

- pH control system has effectively controlled iron precipitation/ fouling with virtually no maintenance 7

- Several monitoring wells to measure performance and radius of treatment zone

- At 5 gpm - air-to-water ratio = 75:1

- Mobile equipment trailer and process controls

- System operation has been in-service over 98% of time with very limited inspection (system shut-
downs have been due to power outages and flooding from hurricanes

% MACTEC Environmental |
Technologies Company, L.L.C.

A SUBSIDIARY OF MACTEC, Inc.




NoVOCs™ INSTALLATION AT A PIGMENT MANUFACTURING SITE

Setting

Hydrogeology

Contamination

Results

PCE Case StupYy

Pigment manufacturing site, France
Two-well commercial NoVOCs installation

Medium sand, hydraulic conductivity ~ 5x10-2 cm/sec
Saturated thickness - 55 feet

Hydraulic gradient - 0.007 ft/ft

Vadose zone thickness - 8 ft.

PCE - 3 ppm average initial dissolved concentration, peak concentrations as
high as 23 ppm

DNAPL presumed present

Primary objective of hot-spot mass removal

Pumping rate - 125 gpm NV-1, 60 gpm NV-2

Period of operation - 18 Months

Radius of influence ~ 115 feet (35 meters) per well

Maximum concentration reduction - 98%

Average concentration reduction - 91%

Total mass removal in conjunction with SVE ~ 4000 Ibs of PCE

PCE ConceNTRATION RepucTioNs AFTER 10 MoNTHS OF OPERATION
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The predicted circulation zone for a NoVOCs well is an important system design parameter. The
water recharged from the upper well screen in a NoVOCs well has dissolved oxygen (DO) concen-
trations in excess of the background DO found in most aquifers. Therefore, the distribution of DO in
the aquifer can be used to demonstrate the extent of the area being treated by the NoVOCs well. At
this site the circulation zone for each well was measured by analyzing DO in groundwater after 10
months of operation. The extent of the circulation zone for wells NV-1 and NV-2 is approximately 35

to 40 meters (115 to 130 feet) in radius, respectively. There was a reasonable match between the
design-predicted and measured circulation zones.

‘Radial Influence of NoVOCs Well NV-1

Dissolved Oxygen (mg/l)‘
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‘NoVOCS™ [NSTALLATION AT INDUSTRIAL SITE, COEUR D'ALENE, IDAHO

Setting

‘Hydrogeology

‘Contamination

Inorganic
Chemistry

‘Initial Results

‘Coeur d'Alene, Idaho

Single well NoVOCs installation at light industrial plant

TCE plume is present in the Rathdrum Prairie Aquifer, an EPA designated
Sole Source Aquifer

‘Unconsolidated medium and coarse sands

Hydraulic conductivity ~ 5x10-3 cm/sec
Plume thickness - 30 feet.
Vadose zone thickness - 190 ft.

“TCE - peak concentrations as high as 1,500 ppb

Average concentrations of about 900 ppb
Primary objective to treat plume under plant property
(upgradient wells indicate upgradient TCE sources)

‘Alkalinity of 247 mg/l as CaCO3, groundwater is in equilibrium with calcite

(indicating a strong potential for calcite scale formation)

'Pumping rate - 35 gpm

Period of operation - started in November 1996

Expected radius of treatment zone about 90 feet

TCE concentration reduction of about 80% measured during the first 3 weeks
of system operation

Monitoring of inlet/outlet concentrations indicate 85% removal of TCE in a sin-
gle pass through the NoVOCs well

‘Operation Details

- One 7.5 hp regenerative blower

- Closed loop system - no air discharge/permits

- Offgas treatment - granular activated carbon

- pH control - carbon dioxide addition

- pH control system has effectively controlled calcite precipitation/fouling with virtually no

maintenance

- Three monitoring wells to measure performance/treatment zone

- At 35 gpm - air-water ratio = 14:1

- Mobile equipment trailer and process controls

- System operation has been in-service over 99% of time with very limited inspection

ﬁ MACTEC Environmental
Technologies Company, L.L.C.

A SUBSIDIARY OF MACTEC, Inc.
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TCE CoNCENTRATIONS OVER TIME AT COEUR D'ALENE, IDAHO
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Project Name:
Location:
Type of Site:
Start Date:

Hydrogeologic Setting:

Nature of Problem:

Project:

Technology Applied:

Results:

Benefits:

Point of Contact:

A TUDY

OTIS ANGB: ASHUMET VALLEY
Otis ANGB, Cape Cod, Massachusetts
Residential

February 1997

Scale of Plume: Four miles long, One-half mile wide, 30 -50 feet thick
Darcian Velocity = 6.75 x 10-7 m/sec

Soil Type/Texture: >95% Sand, <5% Silt

Horizontal Conductivity (Kh) = 7.7 x 10-4 m/sec

Vertical Conductivity (Kv) = 1.4 x 10-4 m/sec

Horizontal hydraulic gradient = 0.00263

Thickness of treatment zone = 30 feet

The source of contamination consisted mainly of chlorinated hydrocarbons (CHC) from a
variety of suspected locations including leaching wells, oil interceptors, storm drain catch
basins and drainage swales.

To design, install, test, operate and maintain a vertical circulation well system to evaluate the
ability of such a system to reduce CHC concentrations in groundwater to 1 ppb and to pre-
vent further migration of the plume.

Two UVB Labyrinth systems parallel to groundwater fiow, effectively creating a contaminant
treatment wall. A standard circulation cell was generated at each UVB location to cover the
entire thickness of the plume and to create a treatment wall 115 feet wide.

In three months of operation, 80 % mass reduction in contaminant levels within cells. Upon
startup, 100 % reduction in the levels of CHCs as measured in the effluent stream.

* Effective treatment of 30 foot thick groundwater p[ume wlthout groundwater extraction
Efficient stripping rates (97 to 99%)

Low energy and maintenance costs compared to conventional systems

Aesthetically pleasing shed construction, quiet operation

No adverse effects on groundwater such as drawdown or mounding

Clean water above plume unaffected

Warren Schultz
MACTEC ET
410-798-8505

MACTEC Environmental

Technologies Company, L.L.C.
A SUBSIDIARY OF MACTEC, Inc.




Project Name:
Location:

Type of Site:

Start Date:
Hydrogeologic Setting:

Nature of Problem:

Contaminants of Concern in Soil:

Contaminants of Concern in Groundwater:

Extent of Soil Contamination:

Extent of Groundwater Contamination:

Project:

Technology Applied:

Results:

Benefits:

CASE STUDY
ACTIVE BUSINESS SCHOOL
White Plains, New York
Commercial
June 1995
Soil Type/Texture: >90% Sand, <10% Silt
Horizontal Conductivity (Kh) = 1.0 x 10-5 m/sec
Vertical Conductivity (Kv) = 1 x 10-6 m/sec

Horizontal hydraulic gradient = 0.001
Thickness of treatment zone = 15 feet

The source of contamination was a heating oil UST located beneath 5-
story building.

Highest level of total BTEX = 7,700 ppb. Range of clean-up guidance
values for BTEX in soil = 14 ppb (benzene) to 100 ppb. Highest level

of total targeted base neutral compounds = 46,250 ppb. Range of
clean-up guidance values for base neutrals in soil = 200 ppb to 1,000 ppb.

Highest level of total BTEX = 227 ppb. Range of clean-up guidance values
for BTEX in groundwater = 0.7 ppb (benzene) to 5 ppb. Highest level of
naphthalene = 89 ppb. Range of clean-up guidance values for base neutrals
in groundwater = 10 ppb (naphthalene) to 50 ppb

Areal/horizontal extent of "hot spot” area is approximately 20 feet by 20 feet.
Vertical extent is approximately 10 feet.

Areal/horizontal extent of plume is approximately 75 feet in length by 50 feet
in width. Vertical extent of plume is approximately 15 feet below grade.

To design, install, test, operate and maintain a vertical circulation well system
to evaluate the ability of such a system to reduce BTEX concentrations in
groundwater to 50 ppb and to prevent further migration of the plume.

Two CGC units were installed to remediate soil and groundwater near
source and downgradient of source, and a soil vapor extraction (SVE) sys-
tem was installed to remediate soil and groundwater contamination at the
source in "hot spot" area beneath floor of building basement.

BTEX - Concentrations of total BTEX have also decreased to below
detectable levels in wells MW3 and MWS5. Total BTEX concentrations have
decrease in well MW2 from a baseline level of 277 ug/l to a current level of
23.1 ug/l. The only anomaly is monitoring well MW7 where total BTEX
increased slightly in October 1996 from a baseline level of 73 ug/l to a level
of 143 ug/l. Since that time total BTEX concentration in MW7 have
decreased to 50.7 ug/l. SVOCs - Since July 1996 SVOCs are no longer
present at the site. A No Further Action was issued in 1998..

Effective treatment of groundwater plume without groundwater extraction
Efficient stripping rates (97 to 99%)

Low energy and maintenance costs compared to comparable systems
Aesthetically pleasing shed construction, quiet operation

No adverse effects on groundwater such as drawdown or mounding

Point of Contact: Warren Schultz
MACTEC ET
410-798-8508
Z/ff/ MACTEC Environmental
J Technologies Company, L.L.C.

A SUBSIDIARY OF MACTEC, Inc.




Project Name:
Location:
Type of Site:
Start Date:

Hydrogeologic Setting:

Nature of Problem:

Project::

Technology Applied:

Results:

Benefits:

Point of Contact:

'CASE STUDY

"OTIS ANGB - CS-10 EAST

Otis ANGB, Cape Cod, Massachusetts
Residential area
December 1996
Scale of Plume: Three miles long, One mile wide, 120 feet thick
Darcian Velocity = .9 ft/day (3.15 x 10-6 m/sec)
Soil Type/Texture: >95% Sand, <5% Silt
Horizontal Conductivity (Kh) = 298 ft/day (.105 cm/sec)
Vertical Conductivity (Kv) = 60 ft/day (.021 cm/sec)
Horizontal hydraulic gradient = 0.003 ft/ft
Thickness of treatment zone = 120 feet (36.6 meters): two stacked circulation cells, 60 feet
thick each cell
Flow Rate UVB (Q) = 60 GPM (13.6 m3/hr)

‘The source of contamination consisted mainly of chlorinated hydrocarbons (CHC) from a

variety of suspected locations including leaching wells, oil interceptors, storm drain catch
basins and drainage swales.

To design, install, test, operate and maintain a vertical circulation well system to evaluate the

ability of such a system to reduce CHC concentrations in groundwater from 3000 ppb to
below MCLs (5 ppb) with a goal of 1 ppb as well as prevent further migration of the plume.

Two UVB Labyrinth systems parallel to groundwater flow, effectively creating a contaminant
treatment wall. Two stacked circulation cells (one standard and one reverse flow) were gen
erated at each UVB location to treat the entire thickness of the plume and to create a treat
ment wall 90 feet wide.

“Achieved MCL (5 ppb) for TCE in 6 Months, and achieved 1 ppb. 100% chemical contain

ment. Stripping efficiencies for TCE between 96-99%. Operational greater than 99%. No
noticeable fouling, draw down or mounding. Predicted zones of capture, circulation and
release were achieved.

‘» Effective treatment of 120 foot thick groundwater plume without groundwater extraction.

* Efficient stripping rates

* Low energy and maintenance costs compared to conventional systems
* Aesthetically pleasing shed construction, quiet operation.

* No adverse effects on groundwater such as draw down or mounding.

‘Warren Schultz

MACTEC ET
410-798-8508

MACTEC Environmental

Technologies Company, L.L.C.
A SUBSIDIARY OF MACTEC, Inc.




UVB In SiTu TECHNOLOGY INSTALLATIONS

Locmons Dare INSTALLED NUMBER OF Srres NUMBER OF SYSTEMS NUMBER OF CLOSURES ;

'EUROPE 1986 - 1997 144 317 17
"UNITED 1991 - 1998 47 69 2
STATES

TOTAL 12 YEARS 191 386 19

/ MACTEC Environmental
Technologies Company, L.L.C.
A SUBSIDIARY OF MACTEC, Inc.




UVB AND CGC INSTALLATIONS IN THE UNITED STATES
JUNE 1998
PAGE 1/3

HORIZONTAL TOTAL PLUME
HYDRAULIC DEPTH THICKNESS
CONDUCTIVITY feet feet

ABERDEEN PROVING | 1 UYB LABYRINTH PCA 1,1.2 TCE SILTY SAND AND CLAY  |3.5% 106 25 20 RF WESTON IUN 1988
GROUNDS, MD I UVB CANNISTER TEC 1.2 OCE US Dol (ARMY) NOV 1997
ASHEVILLE, NC i (6L ASOLINE SANDY SILT WITH CL&Y | 1.0 1074 37 10 CONFIDENTIAL 1994
BRUNSWICK. N) 1 C6C BENZENE FINE TO COARSE SAND  [4.56 X 10°3 20 10 MALCOLM PIRNIE 997
AND FINE GRAVEL (USACE)
CHARLOTTE, NC UVB 400 CHC SAPROLITE SILTY SAND |1.8 % 103 133.5 107.5 CONFIDENTIAL UL 1993
3-SCREEN SINGLE PUMA MITH CLAY
CHARLOTTE. NC 1-200 AIR LIFT GASOLINE SAPROLITE SILTY CLAYS |1.0 X 104 30 2z CONFIDENTIAL NOV 1994
T0 SILTY SANDS
CHESTER, SC V8 400 GASOLINE SAPROLITE SILTY CLAY  [1.0X 107 49 38 CONFIDENTIAL SEPT 1994
PUMP (BTEX WITH SAND
CLEVELAND. NC 1-200 AIR LIFT GASOLINE SAPROLITE SILTY CLAY  |1.0x 10°¢ 18 10-15 COMFIDENTIAL 1904
AYETTEVILLE, NC 1200 FIXED GASOLINE SILTY CLAY 1.0 104 55 20 CONFIDENTIAL FEB 1595
SINGLE PUMP
FLORENCE, SC 1 UVB 200 w/ PUMP | BTEX SILTY FINE SAND 99x 104 UvB 200-62|50 CONFIDENTIAL 199
VB 400 w/2 PUMPS UVB 400-62
FREDERIC, Wi | UVB 200 w/ PUMP | CHC SILTY SAND WITH CLAY  [1.0x 104 34 15 CONFIDENTIAL 1996
FRIDLEY, MN 1 UVB 200 w/ PUMP | CHC FINE GRAINED ALLUVIUM | 1.0 X 1074 72 53 CONFIDENTIAL 1995
GAINESVILLE, FL UVB 400 CREQSOTE FINE TO MEDIUM SAND  |1.0 X 10°3 25 17 US DoD(NAYY) IAN 1995
BIOREACTOR w/ PUMP
GARDEN CITY, NY BTEX FINE TO MEDIUM SAND | 1.0 X 103 40 30 RF WESTON(LILCO) JUN 1998
PAH'S
GREENVILLE. SC 1 UVB 250 w/ PUMP | CHC SANDY SILT WITH CLAY | 1.0 x 1074 58,5 37 CONFIDENTIAL 199
GROTON, T 2 (GC voC FINE TO MEDIUM SAND  [5.0 X 1073 10 5 CONFIDENTIAL 1996
AND FINE GRAVEL
HASTINGS. NB 1 UYB LABYRINTH TCE FINE TO MEDIUM SAND  |1.0 x 104 131 17 WOODWARD-CLYDE APR 1998
(USACE)
ELFL 2 UVB 250 FIXED CHC FINE TO MEDIUM SAND  |3.24 x 1074 345 32 CONFIDENTIAL 1995
WITH SILT
JACKSONVILLE, FL 2 UVE 250 CHC MEDIUM/FINE SAND 3% 104 30 25 CONFIDENTIAL MAY 1996
WITH CLAY LENSES
NC UVE 200 CHC 0X 10-4 UVB72 [4411.5 | US DoD (MARINES)
(6 13
KALKASKA. Mi UVB 200 AIR LIFT CHC LAKE DEPOSITS 28107 60 28 CONFIDENTIAL 1994
MEDIUM TO FINE SAND
A S, NC UVE 200 AIR LIFT . 38 CONFIDENTIA A198

MACTEC Environmental
Technologies Company, L.L.C.

A SUBSIDIARY OF MACTEC, Inc.




JUNE 1998
PAGE 2/3

UVB AND CGC INSTALLATIONS IN THE UNITED STATES

CONTAMINANT

TOTAL
DEPTH

feet

THICKNESS

feet

LAS VEGAS. NV

3 UYB 150

PETROLEUM SANDY/SILTY CLAY 42510 30 20 CONFIDENTIAL DEC 1996
LAUREL HILL, NC UVB 400 SINGLE PUMP | GASOLINE SAPROLITE CLAYEY 1.0% 1074 al 12.5 CONFIDENTIAL SEP 1992
(BTEX) SILT WITH SAND
LINCOLNTON. NC FIXED UYB 200 GASOLINE SAPROLITEFINETO | 8.8 X 10°5 335 22 CONFIDENTIAL AUG 1993
w/ PUMP (BTEX) MEDIUM SAND WITH SILT
AND CLAY
MADISON, W/ 3 UVB 400 CHC GLACIAL OUTWASH 5% 10°3 80 40 Wl DNR IN DESIGN
5 (G TEX {GRAVELY SAND WITH
SOME SILT)
MEMPHIS, TN UVB 250 SINGLE PUMP | CHC FINE TG MED SAND 80X "0'2 69 Confined CONFIDENTIAL MAY 1995
TO S&ND GRAVEL Fauifer 34
NASHUA, NH 2 GIB CREGSOT VERY FINE TO MEDIUM | 1X 1074 44 20 CONFIDENTIAL NOV 1996
SAND WITH SILTY ZONES
NEW HOLLAND, PA UVB 400 CHC OVERBURDEN AND 1.1% 1073 100 50 RF WESTON JUN 1998
FRACTURED BEDROCK
ORLANDO, FL 2 UVB CANNISTERS TCE 1.2, DCE FINE SANDS 1.0 1073 45 43 BECHTEL ENV NOV 1997
US DoD (NAVY)
OTIS AFB, MA 2 UVB LABYRINTHS CHC MEDIUM TO COARSE | UPPER: 2.8%10°2 265 140 JACOBS ENG DEC 1996
(5-10 PLUME STACKED CELLS SAND LOWER: 5.5¢10" € US DD
(AIR FORCE)
OTIS AFB, MA 2 UYB LABYRINTHS CHC FINE TO COARSE SAND | 7.7 % 1072 109 31 JACOBS ENG FEB 1997
ASHUMET VALLEY US DoD
PLUME {AIR FORCE)
PANAMA CITY, FL MODIF ED CGC JET FUEL MEDIUM SAND 1.0 % 10°3 16.5 i1.5 CONFIDENTIAL 1954
RESEARCH
PELHAM. GA 2 REVERSE UVB GASOLINE MARINE DEPOSITS: 599 % 10°3 20 15 CONFIDENTIAL 1992
200 w/ PUMP (BTEX) SILTY FINE TO MEDIUM
SAND
PELHAM, NY 2 C6C MTBE FINE TO MEDIUM SAND | 5.0 % 1073 17 10 MOBIL OIL NOV 1996
BTEX AND GRAVEL
PINE PLAINS, NY 1 C6C BTEX MEDIUM TO COARSE 1.0 % 10°¢ 16 g PRIVATE GAS STATION  MAR 1996
SAND, SOME GRAVEL
PORT HUENEME, C& | 3 UvB 200 GASOLINE FINE TO MEDIUM SAND | 1.0 % 1073 25 20 US DoD DEC 1994
(North L&) BIOCURTAIN AIR LIFT (NAVY)
RALEIGH, NC 1 REVERSE FLOW GASOLINE FINE SANDY SILT 96X 10% b2 4 CONFIDENTIAL 1993
WITH TRACE CLAY
;!".HI..."'--"-.”_]_ Wa 1 U5 350 4.23 %10 3 330 45 E\:?\F.DENT..&.L 39-
AND GRAVEL
RIVERSIDE, CA UYB 400 SINGLE CHC ALLUVIAL FAN 75%10°3 g1.7 40 US DeD MAY 1993

W PUMP

SILTY SAND

{4IR FORCE)

MACTEC Environmental

Technologies Company, L.L.C.
A SUBSIDIARY OF MACTEC, Inc.




UVB AND CGC INSTALLATIONS IN THE UNITED STATES
JUNE 1998
PAGE 3/3

CONTAMINANT TOTAL
DEPTH
CONDUCTIVITY feet
ROCHESTER, NY UVE 400 CHC GLACIAL TILL; 5041073 26 i5 STATE OF NEW YORK | JUL 1994
BIOREACTOR w/ PUMP SANDY SILT TO
SILTY CLAY
ST.LOUIS PARK, MN | 2 UVB 200 AIRLIFT | (HC FLOOD PLAIN: 6.9 10°3 30 8 CONFIDENTIAL 1994
SILT TC FINE TO 1.7x 1074 50 37
MEDIUM SAND
SALT LAKE CITY, UT 1-200 FIXED CHC FINE TO MEDIUM 52% 1073 133 2% US DaD SEP 1994
SINGLE PUMP CHC GRAINED SAND (AIR FORCE)
SAN FRANCISCO. CA | UVE 400 GASOLINE COASTAL PLAIN 53X 107 30 3 US Dob AUG 1994
#IR LIFT (BTEX) FINE TO MEDIUM (ARMY)
SAND
SHELBY, NC 1 CGC/BLK PCE SILT WITH CLAY 10K 1074 24 10 CONFIDENTIAL 1993
TAMPA. FL 2 (GC BTEX SITY/CLAYEY SAND | 2% 1078 30 23 FOEP NOV 1996
TROUTMAN, NC UVB 400 AIR LIFT GASOLINE SAPROLITE CLAYEY 1.9% 1074 66.5 20 CONFIDENTIAL SEP 1992
(BTEX) SILT WITH SAND
VERQ BEACH, FL 1 UVB LABYRINTH TCE SAND AND SHELL ZONES| 1.0 X 1072 75 65 PIPER AIRCRAFT JAN 1998
I UYE COMPACT
STRIPPER
WATERTOWN, NY VB 400 BTEX FINE TO MEDIUM SAND | 4.7 % 1073 27 20 RF WESTON JUNE 1995
SINGLE PUMP WITH SOME GRAVEL US DoD
(ARMY)
WEAVERVILLE, NC 1 CGC/BLK GASOLINE SAND SILTWITH CLaY | 6% 1074 40 g CONFIDENTIAL 1991
WHITE PLAINS, MY 2 CGC COUPLED BTEX SVOCs FINE TO MEDIUM SAND | 2.7 % 1074 20 10 PRIVATE BUSINESS JUN 1995
WITH SVE LITTLE SILT AND GRAVEL SCHOOL
(TILL)
WILMINGTON, CA 2UVB 200 ARLIFT | GASOLINE COASTAL PLAIN 2041073 7% 34 CONFIDENTIAL 1993
(BTEX) FINE SILTY SAND 70 35
WILMINGTON, NC FIXED UYE 200 GASOLINE COASTAL PLAIN 1.0 X 103 20 15 CONFIDENTIAL JUN 199
w! PUMP (BTEX) FINE TO MEDIUM SAND 3
WINSTON SALEM. NC | FIXED UVB 200 JET FUEL SAPROLITE 104104 41 20 CONFIDENTIAL 1993
w PUMP
YONKERS, NY 2 UVB AIR LIFT BTEX FINESANDTOSAND | 8.8 % 10°3 25.3 5 WESTCHESTER COUNTY
w PUMP AND COBBLES

MACTEC Environmental
Technologies Company, L.L.C.

A SUBSIDIARY OF MACTEC, Inc.




GERMAN UVB CLOSURE SITES
May 1996
PAGE 1/2

SITE AND MAIOR BEGINNING CONC. CLOSURE CONC. POST CLOSURE
CONTAMINANT [ppb] DATE [ppb] DATE CONC. DATE [ppb]
Berlin | CHC 3.100 4/89 30 7190 <30 3/92 UVE 400 AIR LIFT Unconsolidated 1.3
] .D' 3
6
Schelklingen CHC 1,800 1490 10 7192 5 1/93 UVB 400 AIR LIFT KARST i
6
Ebersbach CHC 15,000 10/89 4 5/93 20 8/93 UVB 400 AR LIFT Unconsclidated &b
104
3
Berlin I! BTEX 280,000 BTEX <50 2/93 <50 £/93 2 UVBs 400 w/PUMP Unconsolidated 2.2
+ CHC 10/90 (REV. FLOW) 1073
11
5 Berlin ill BIEX 10/91 <75 4/93 <50 7193 6 UVBs 400 Unconsolidated 2.4
+ CHC w/ PUMP 10°3
02
Berlin IV BTEX 39,000 5/93 <25 10/94 <25 3.95 2 UVEs 400 Unconsolidated 1.7
+ CHC w/ PUMP 103
(REV. FLOW) 35 (2 aquifers)
7 Plachingen CHC 4,000 5/89 <10 12/93 <10 5/94 UVB 300 Unconsolidated 28
wf PUMP 1074
8
Frankfurt  CHC 2,000 2189 20 2191 <20 5/91 VB 400 Unconsolidated 2.0
w/ PUMP 1074
12.
Mainz CHC 800 6/91 <20 6/94 <20 9/94 UVB 400 Unconsolidated 3
AR LIFT 1o
15
Forth CHC 3,800 8/&9 10 1/91 <10 12/95 UYE 400 Unconsolidated 1
AR LIFT 104
Parchim KW + 790 KW 793 FW:-ND 11/94 <5 4495 GZB/SZB Unconsdlidated 1.4
BTEX 2.690 BTEX BTEX:ND 400 105
2 PUMPS 10

MACTEC Environmental
Technologies Company, L.L.C.
A SUBSIDIARY OF MACTEC, Inc.




GERMAN UVB CLOSURE SITES
MAYy 1996
PAGE 2/2

SITE AND MAIOR BEGINNING CONC. CLOSURE CONC. POST CLOSURE |EG SYSTEM A QUIFER TYPE TOTAL
CONTAMINANT [ppb] DATE (ppb] DATE CONC. DATE [ppb] K/[cmis] AND REMEDIATION
THICKNESS [m)] TIME [YRS]
12 Tuebingen  CHC 50 1286 | s 1190 <5 s UVB 400 AIR LIFT Unconsolidated 30
104
10
137 | Eisingen OKC 10000 38 | <0 S92 | <25 92 | UVB4OARUFT | Unconsoidated | 31
104
7
# | Genge o€ | 200 wm | <0 20 | <25 w2 | WB2S0ARUFT | Unconsoidated | 26
104
8
5 | Belav 0K 10000 1288 | <25 s | <25 a9 | 2uvBs400 Unconsohdated | 59
w/ PUMP 03
1 .
16 | Eisehoetienstat | 5860 1092 | 66 a3 | < | amuve oo Unconsoldated [P
| st sl oy o e | WPe 102 .
: 10
17. | Coogne CHC 210 s | <0 395 | <0 12ms| 2w 400 Unconsolidated .
w PUMP 102
18
- Standard flow if not otherwise stated
- 400 = 400mm diameter casing
300 = 300mm diameter casing

- 250 = 250mm diameter casing

- CHC = chlorinated hydrocarbons

-BTEX .= Benzene, Tolulene, Ethylbenzene, Xylene
-Kw = Hydrocarbons

= Vacuum Vaporizor Well
= Groundwater Circulation Well
= Flushing Circulation Well

EE8S

MACTEC Environmental

Technologies Company, L.L.C.
A SUBSIDIARY OF MACTEC, Inc.
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EXECUTIVE SUMMARY

In support of the U.S. Environmental Protection Agency (EPA) Superfund Innovative Technology
Evaluation (SITE) Program, Tetra Tech EM Inc. (Tetra Tech) is evauating the MACTEC Inc.
(MACTEC) NoVOCs™in-well volatile organic compound (VOC) stripping system at Installation
Restoration (IR) Site 9 at Naval Air Station (NAS) North Iland in San Diego, Caifornia. The
NoVOCs'system is a patented recirculating well that is designed for the in situ remediation of
groundwater contaminated by VOCs.

In April 1998, the Navy initiated operation of the NoVOCs™'system. By June 1998, the pumping rate
had been reduced from the design rate of 25 gallons per minute (gpm) to approximately 5 gpm because
not all water pumped at higher rates could be injected into the aquifer. The NoVOCs™system was shut
down on June 19, 1998, to evauate the cause of the problem. Suspected causes for the poor injection
performance included (1) biofouling or scaling of the screen intervas and formation near the
NoVOCs™'system, (2) design problems with the NovVOCs™well, in particular the sizing of the recharge
screen, and (3) possible differences in hydraulic characteristics between the upper and lower portions of
the aquifer.

EPA directed Tetra Tech to conduct the hydrogeologica study at the demonstration site to provide
information on the recharge capacity of the NoVOCs"™'system and the hydraulic characteristics of the
aquifer in the vicinity of the NoVOCs™system. The groundwater study included: (1) atidal influence
study to evaluate natural variations in water level at the site due to tides in San Diego Bay, and (2) a series
of groundwater pumping tests in the shallow and deep portions of the aguifer, including step drawdown
tests, a 32-hour constant pumping rate test, an injection test, and a dipole flow test to eval uate the aquifer
characterigtics in the vicinity of the NoVOCs™'system.

The hydrogeological investigation of the aquifer treated by the NoVOCs™ system has yielded valuable
information regarding the hydraulic characteristics of the aquifer, pumping and injection capacities of the
NoVOCs™well, and defects in the NovVOCs™wall. The conclusions of the investigation are as follows:

1) The tested aquifer isin good hydraulic communication with San Diego Bay. Groundwater levels
at different depths within the aguifer are dl influenced by tidd fluctuations in San Diego Bay.
The tidal influence of the aquifer is demonstrated by the drawdown data collected from the
observation wells during the constant discharge pumping test of the NoVOCs™well.

S:\NoVOCs\Draft Report\Text\Draft Report Rev2.doc ES- 1



2)

3)

4)

5)

6)

7)

8)

9)

The groundwater levels must be corrected for tidal effectsto alow the calculation of aquifer
parameters and mean groundwater elevations. In addition, the mean groundwater elevations
must be corrected for density effects to allow determination of groundwater flow patterns.
After tidal and density corrections, the mean equivalent fresh water head contour maps were
generated.

The aguifer hydraulic tests show that the upper and lower aquifer zones are in good hydraulic
communication. Drawdown responses were observed in both aguifer zones during the constant
discharge pumping test in the upper aquifer zone and the step-drawdown tests in the upper and
lower aquifer zones.

Groundwater generally flows to the west or northwest in both of the upper and lower aguifer
zones. The horizontal hydraulic gradient in both aquifer zones is relatively flat, ranging from
0.005 to 0.01.

Two methods were developed for tidal correction of groundwater drawdown data obtained during
the constant discharge pumping test. The methods involve using the tidal influence study data
collected in April 1998 to calculate the tidal efficiency and time lag for each of the observation
wells. The estimated tidal efficiency ranges from 0.05 to 0.1 in different tidal cycles at different
wells; and time lags range from 46 to 96 minutes.

Observed drawdown data collected during the constant discharge pumping test were corrected
using the two new tida correction methods. The corrected drawdown (that is, drawdown data
with the tidal effects removed) using both methods correlates well with each other and reflects
typical pumping test responses. The corrected drawdown matches reasonably well with Neuman
type curves for the aquifer parameter estimation.

The aquifer hydraulic parameters were estimated based on the tidally corrected groundwater
drawdown data for the constant discharge pumping test. The average hydraulic conductivity was
estimated as 29 feet per day (ft/day) or 0.01 centimeters per second (cm/sec). The average
aquifer storativity and specific yield are 0.004 and 0.07, respectively. The average ratio of
horizonta to vertical hydraulic conductivity is estimated at 5.7.

Specific capacity and efficiency of the NoVOCs''well were estimated based on the step-
drawdown tests and water injection test conducted at the NovVOCs™well. The calculated average
specific capacities are 1.48 galons per minute per foot (gpmv/ft) for the upper screened interval
during pumping, 1.50 gpnVft during injection, and 3.22 gpmV/ft for the lower screened interva

during pumping. The calculated average well efficiencies are 82 percent for the upper screened
interva during pumping, 97 percent during injection, and 91 percent for the lower screened

interval during pumping. The 97-percent well efficiency for the upper screened injection isfor
injection of clean tap water.

The radius of influence, as defined as the distance from the pumping well to an observation well
at which drawdown can be positively identified (0.01 feet), was at least 100 feet during the
constant discharge pumping test with a pumping rate of 20 gallons per minute (gpm).

10) No positive (recharge) or negative (flow barrier) boundaries are evident from the constant

discharge pumping test data.
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11) The injection test results show that the maximum flow of clean tap water that can be injected
through the upper screen of the NoVOCs™wall is 25 gpm. At that injection rate, the water level
will rise 17 feet and reach the ground surface.

12) The video survey of the NoVOCs™well revealed a manufacturing defect in the upper well
screen. The screen dlots are unevenly cut, and about 30 percent of the slots do not completely
penetrate the PV C casing. This defect affects the well efficiency of the upper screened interval
and may reduce the available water level rise in the NovVOCs™well during recharge to the
aquifer through the upper screen.

13) The video survey also revealed significant fouling of the NoVOCswell screens by iron
precipitation and microbiological growth. Such fouling may impair the performance of the
NoVOCs™system by obstructing the well screen and filter pack.

14) The findings of the aquifer tests and tidal study of the aquifer treated by the NoVOCs™system
indicate that the aguifer hydraulic conditions are suitable for application of the
NoVOCs™technology. The NoVOCs™well as designed should be able to extract and inject a
flow rate of 20 gpm based on the aquifer hydraulic characteristics.
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1.0 INTRODUCTION

In support of the U.S. Environmental Protection Agency (EPA) Superfund Innovative Technology
Evaluation (SITE) Program, Tetra Tech EM Inc. (Tetra Tech) is evauating the MACTEC Inc.
(MACTEC) NoVOCs™in-well volatile organic compound (VOC) stripping system at Ingtallation
Restoration (IR) Site 9at Naval Air Station (NAS) North Idand in San Diego, California. The
NoVOCs™'system is a patented recirculating well that is designed for the in situ remediation of
groundwater contaminated by VOCs. A vicinity map, site location map, and site plan are presented as
Figures 1-1, 1-2, and 1-3.

In April 1998, the Navy initiated operation of the NoVOCs™'system. The EPA SITE Program evaluation
of the NoVOCs™system aso began in April 1998, and included collection of air and groundwater
samples from the NoV OCs™system and surrounding monitoring points. The evaluation was conducted
in accordance with the draft fina “Technology Evaluation Plan/Quality Assurance Project Plan for the
MACTEC NoVOCs™ Technology Evaluation at NAS North Idand” (Tetra Tech 1998). By June 1998,
the pumping rate had been reduced from the design rate of 25 gallons per minute (gpm) to approximately
5 gpm because not al water pumped at higher rates could be injected into the aquifer. Based on
discussions between the Navy and the technology devel oper, the system was shut down on June 19, 1998,
to evaluate the cause of the poor injection performance. Suspected causes for the poor injection
performance included (1) biofouling or scaling of the screen intervals and formation near the

NoV OCs™'system, (2) design problems with the NoVOCs™well, in particular the sizing of the recharge
screen, and (3) possible differences in hydraulic characteristic between the upper and lower portions of
the aquifer. Thisreport presents the results of a hydrogeological investigation to assess the hydraulic
characteristics of the aquifer that may affect the NoVOCs'™ system performance.

EPA directed Tetra Tech to conduct the hydrogeological study at the demonstration site to obtain
information on the recharge capacity of the NoVOCs™'system and the aquifer hydraulic characteristicsin
the vicinity of the NovVOCs™'system. The hydrogeological study included: (1) atidal influence study to
evauate natural variations in water level at the site due to tides in San Diego Bay, and (2) a series of
aquifer hydraulic tests in the shallow and deep portions of the aquifer, including step drawdown tests, a
32-hour constant discharge pumping test, an injection test, and a dipole flow test to evaluate the aquifer
characteristics in the vicinity of the NoVOCs"™'system.
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This report presents background information on the NoVOCs™system and IR Site 9, documents the field
methods and procedures implemented during the groundwater study, presents the study results, discusses
the data analysis and interpretation, and presents conclusions based on the information obtained. The
remainder of this section presents information on the EPA SITE program and the hydrogeologica study
objectives.

1.1 SITE PROGRAM

SITE was established by EPA’s Office of Solid Waste and Emergency Response (OSWER) and Office of
Research and Development (ORD) in response to the Superfund Amendments and Reauthorization Act of
1986. The SITE program was established to accelerate the development, evauation, and use of
innovative technologies to remediate hazardous waste sites. The evaluation portion of the SITE program
focuses on technologies in the pilot- or full-scale development stage. The evaluations are intended to
collect performance data of known quality. In support of this portion of the program, a series of aquifer
tests were conducted to assist in evaluating the NoVOCs'™ system by providing a greater understanding of
the site hydrogeology.

1.2 PROJECT OBJECTIVES

The overall objective of the groundwater study was to assess hydraulic characteristics of the aquifer in the
vicinity of the NovVOCs™system at the demonstration site. In support of this objective, the specific
objectives of the groundwater study were to: (1) document groundwater elevation change (water level) in
selected wells due to tidal influence, and (2) conduct a series of aquifer hydraulic tests to assess
hydrogeologic conditionsin the vicinity of the NoVOCs™'system.

Aquifer hydraulic tests of the NoVOCswell (IW-01) were conducted to estimate or assess the

following:

Well efficiencies of the two screened intervals of the NoVOCs™well: the outer casing is
screened at 43 to 47 feet below ground surface (bgs)(-21.3 to -25.3 feet relative to mean
lower low waterMLLW]) and 72 to 78 feet bgs (-50.3 to —56.3 feet MLLW).

Hydraulic parameters of the upper and lower portions of the aquifer, including estimation
of hydraulic conductivity, transmissivity, storativity, and aquifer anisotropy.

The radius of influence established during pumping.
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The presence of hydraulic barriers that may affect hydraulic communication between the
upper and lower zones of the aquifer.
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2.0 BACKGROUND

This section describes the NoVOCs™ system and the associated groundwater monitoring system at NAS
North Idand. This section adso provides information on site conditions, including site history,

topography, geology, hydrogeology, and soil and groundwater contamination. In addition, this section
identifies the locations and describes the construction of wells installed to investigate the hydrogeology of
the site.

2.1 THE NoVOCs™SYSTEM

This section provides a general description of the NoVOCs™system at NAS North Island and describes
the groundwater monitoring system for evaluating the NoVOCs™'system performance.

2.11 General Description

The NoVOCs™'system is a patented in-well stripping process (U.S. Patent No. 5,180,503) for in situ
removal of VOCs from groundwater. A diagram of the treatment process is shown in Figure 2-1. In this
process, air injected into a specialy designed well smultaneoudly creates an air-lift pump and an in Situ
stripping reactor to circulate and remediate groundwater (EG& GE 1996).

The NoVOCs™ system consists of awell casing installed in the contaminated saturated zone, with two
screened intervals below the water table and an air injection line extending into the groundwater within
thewell. Contaminated groundwater enters the well through the lower screen and is pumped upward
within the well by pressurized air supplied through the air injection line, creating an air-lift pump effect.
Asthe water is air-lifted within the well, dissolved VOCs in the water volatilize into the rising air bubbles
and are transported to the upper portion of the well. The treated water rises to a deflector plate and is
forced out the upper screen. The treated water is recharged to the aquifer, and the stripped VOC vapors
are removed from the subsurface by a vacuum applied to the upper well casing (EG& GE 1996). The
stripped vapors then are treated by the Thermatrix flameless oxidation process. The equipment used to
operate the NoV OCs? system, including blowers, control panel, and air temperature, pressure, and flow
rate gauges is housed in an on-site control trailer.
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2.1.2 NoVOCs™ Monitoring System at NAS North Island

At NAS North Island, one NoVOCs™ well has been ingtalled to remediate a portion of the aquifer
downgradient of a contaminant source area. Assuming the designed pumping rate of 25 to 30 gpm and a
total air flow rate of 120 standard cubic feet per minute (scfm), the radius of influence of the NovOCs™
well for this siteis predicted to be at least 90 feet (EG& GE 1997). To evaluate the accuracy of this
prediction and to obtain information on the horizontal and vertical extent of the NoVOCs™ treatment cell
and assess changes in contaminant concentrations within the treatment cell, two %2inch outer diameter
piezometers (PZ-01 and PZ-02) and 10 2-inch outer diameter groundwater observation wells (MW-45
through MW-54) were instdled.

Figure 2-2 shows a plan view of the location of the NoVOCs™well and observation wells. Figure 2-3
shows a generalized cross-section of the NoVOCs™well, piezometers, and observation wells. The two
piezometers were installed within the sand pack of the NovVOCs™wadl: one adjacent to the
NoVOCs"™recharge screen (PZ-01), and one adjacent to the NoVOCs'intake screen (PZ-02). The
natural groundwater flow direction across the site is generally to the west. Seven cross-gradient
observation wells were ingtalled at four distances from the NovVOCs™well, as follows: acluster of three
wells 30 feet from the NoVOCs™well (observation wells MW-45, MW-46, and MW-47), awell pair 60
feet from the NoVOCs™well (observation wells MW-48 and MW-49), and single observation wells 90
and 105 feet from the NoVOCs™well (observation wells MW-50 and MW-51). Two downgradient
observation wells (MW-52 and MW-53) were installed as a pair approximately 100 feet from the
NoVOCs™well, and a single observation well (MW-54) was also installed 100 feet upgradient of the
NoVOCs™well. Each observation well was screened at one of the following three intervals: at the top of
the treatment zone (between approximately 41 and 47 feet bgs [-19.1to -25.0 feet MLLW]), in the middle
of the treatment zone (between approximately 49 and 62 feet bgs [-35.1 to -40.4 feet MLLW]), and at the
bottom of the treatment zone (between approximately 67 and 78 feet bgs [-43.6 to -58.0 feet MLLW]). A
summary of well screen intervals for the individua wellsis presented in Table 2-1.

2.2 SITE HISTORY

NAS North Idand is the largest naval aviation complex on the West Coast and is home to two aircraft
carriers and the Third Fleet flagship, USS Coronado. NAS North Idand is located at the northern end of
the peninsula that forms San Diego Bay and is bordered by the City of Coronado to the east, the Pacific
Ocean to the south, and San Diego Bay to the north and west (Figure 1-1). The 2,806-acre complex,
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officialy commissioned in 1917, provides aviation support services to the fleet, aircraft maintenance,
arfield operations, pierside services, and logistics. The mission of NAS North Idand isto maintain and
operate facilities and to provide services and materiel that support operation of aviation activities and
units of the Operating Forces of the Navy, as well as other units as designated by the Chief of Naval
Operations.

Past hazardous waste disposal practices at NAS North Idand have resulted in soil and groundwater
contamination. The Navy has undertaken investigations to determine the extent of contamination and
possible cleanup methods as part of the IR Program. Under the IR Program, 14 contaminated areas have

been designated IR sites, one of which is Site 9 (Figure 1-2).

Site 9, the 40-acre former chemical waste disposal areg, is located on the western end of NAS North
Idand. Site 9 operated from the 1940s to the mid-1970s and consisted of three major waste disposd
areas. ashalow pit used for disposa of liquid wastes (located within the waste disposal area shownin
Figure 1-3); four parallel trenches each containing different types of wastes (solvents, caustics, acids, and
semisynthetics consisting of ceramic and metallic compounds); and a large unimproved area used for
burying drums containing unidentified chemical wastes located south of the NovVOCs™well. An
estimated 32 million gallons of waste were disposed of at Site 9 over its 30 years of operation (Jacobs

19954).

Contamination from these disposal areas has migrated to the underlying groundwater. Although thereis
no officia history of chemical disposa for most of Site 9 outside of the three disposal areas, groundwater
contamination is widespread throughout the site. Elevated levels of chlorinated solvents and their
breakdown products, as well as petroleum hydrocarbons and metals, are present in groundwater at Site 9.
Based on the high dissolved concentrations of chlorinated solvent compounds, the presence of dense
nonagueous phase liquids (DNAPL) in the subsurface is suspected.

The Navy selected alocation immediately south of the intersection of 4th Street West and North 3rd
Street West to install the NoVOCs™system (Figure 1-3). Cone penetrometer test (CPT) boreholes
advanced at the proposed NoVOCs™|ocation provided additional characterization of subsurface lithology
and confirmed that significant groundwater contamination was present (Bechtel 1998).
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2.3 SITE TOPOGRAPHY

The topography of the northern half of Site 9 is relatively flat with an elevation of approximately 13 feet
above MLLW. It hasvirtudly no relief and is covered by asphalt paving. The southern half of the siteis
unpaved, and is amost entirely covered by aterrace composed of hydraulic dredge spoils. The terrace
has an eevation of approximately 23 feet above MLLW along its north face and dopes gently southward
to approximately 18 feet above MLLW (Jacobs 1994). Topographic elevations and surface features are
shown in Figure 2-4. The NoVOCs™well is located on the terrace at a surface elevation of
gpproximately 22 to 23 feet above MLLW.

24 REGIONAL AND SITE GEOLOGY

This section discusses the regional and site geology for Site 9.

24.1 Regional Geology

NAS North Idand is Situated in the coastal portion of the Peninsular Range Geologic Province. This
region is underlain by a basement complex of late Cretaceous undifferentiated igneous rocks of the
Southern Cdifornia Batholith and Jurassic prebatholithic metavolcanic rocks. The basement complex is
nonconformably overlain by a sedimentary succession of marine and nonmarine rocks that were deposited
within the San Diego embayment. These rocks range in age from Late Cretaceous to Recent. The most
abundant deposits of the embayment are gently folded and faulted Eocene marine, lagoonal, and

nonmarine rocks that thin eastward and trend northwest.

2.4.2 Site Geology

Site 9 isunderlain by artificid fill to a depth of gpproximately 15 feet bgs in the vicinity of the
NoVOCs™well. The artificial fill in this area varies in thickness. The terrace is composed of hydraulic
fill derived from dredging the San Diego Bay and consists of fine-grained, loose sand. In addition, in the
immediate vicinity of the site, the former Whaler’ s Bight, a shallow lagoon formerly present at the
western edge of North Idland, was filled with sediments during the early part of the twentieth century.
Below the fill materid is the Bay Point Formation, a poorly consolidated, fine- and medium-grained
fossliferous sandstone (Kennedy 1975).
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The depositiona environment of the site was lagoonal and shallow marine.  Sediment accumulated on the
southern portion of North Idand generally from northward transport of sediment along the shore. As
described below, most of the uppermost sediments at the site are composed of fine-grained sand, with
varying amounts of silt and medium-grained sand. Two thin silt and clay layers are present in the
subsurface at the site and are likely to be continuous in the vicinity of the site, based on observations in
the numerous borings and wells ingtalled at the site (Bechtel 1998).

Thefirgt fine-grained layer isathin (2 to 5 feet thick) clay, sit, and clayey sand layer designated as

“A clay/silt” (Jacobs 1994). A clay/silt occurs at approximately 35 to 40 feet bgs and is present benesth
Site 9 (Jacobs 1994). Recent investigations by Bechtel have indicated that the A clay/silt is continuous
from the proposed NoVOCs™well locations west to the shoreline wells. Benesth the unconsolidated
sediments is a sandstone layer at approximately 90 feet bgs. The second layer isthe B clay, located
approximately 105 feet bgs that also appears to be continuous in the vicinity of the site. The location of a
geologic cross-section is shown in Figure 2-5, and the cross-section depicting the subsurface geology of

the site is shown in Fgure 2-6.

Boring S9-SB-34 located near the NoVOCs"™well encountered mostly sand and silty sand.  The A
clay/silt was encountered at 35.5 feet bgs, dense sands were encountered between 60 and 61 feet bgs and
65 to 67.5 feet bgs, and a thin cemented sandstone layer was encountered at 79 feet bgs. In addition, the
sand fractions of the sands and silty sands ranged from very fine- to coarse-grained and contained various
quantities of shell fragments. The log for boring S9-SB-34 is provided in Appendix A.

2.5 SITE HYDROGEOLOGY

The generaly accepted hydrogeologic mode for idands and peninsulas surrounded by salt water isa
lens-shaped body of fresh water resting isostatically atop salt water because of density differences. At
Site 9, groundwater occurs at approximately 8 feet bgs (5 feet above MLLW). The upper 110 feet of the
saturated zone contains an unconfined aguifer with athin (5 to 20 feet), discontinuous fresh water lens, a
brackish mixing zone (30 to 100 feet), and a seawater wedge intruding inland. Vaues for some of the

hydrogeologica parameters of the site are as follows (Jacobs 1995h):

Hydraulic Gradient: 0.0008 foot per foot (ft/ft) over most of the site, but stegpens near the
shoreline to 0.006 ft/ft

Transmissivity: 1,195 square feet per day (ft%day)
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Specificyidd: 3.2x 10" (dimensionless)

Hydraulic Conductivity: 12 feet per day (ft/day) or 4.2 x 10 centimeters per second
(cm/sec)

Effective Porosity: 0.25 (dimensionless)

In general, the hydraulic gradient is toward the west, varying between southwest and northwest. The
groundwater is tiddly influenced.

The digtribution of groundwater contamination suggests that the general flow of groundwater is toward

the west. Contaminants associated with the site have been detected in pore water of San Diego Bay, west
of Site 9 (SPARWAR Systems Center 1998). A survey of pore water concentrations of VOCs was
conducted in the spring of 1998 in the upper 5 feet of sediment adjacent to and west of Site 9. The results
of the survey documented that VOCs were present in the pore water at depths of approximately 20 to

30 feet below MLLW. The data suggest that contaminants are migrating west from Site 9, at a depth
consistent with the A clay/silt layer, and discharging to the bay through pore water interchange with the
bay water (Bechtel 1998).

2.6 SOIL AND GROUNDWATER CONTAMINATION

Based on findings from previous investigations at the site (Jacobs 1995a,b), high concentrations of
chlorinated solvents, chlorinated solvent breakdown products, petroleum hydrocarbons, and metals are
present in the saturated and unsaturated zones. The major contaminants detected in groundwater are
chlorinated aiphatic hydrocarbon solvents (tetrachl oroethene [PCE], trichloroethene [TCE], and
1,1,1-trichloroethane [1,1,1-TCA]) and their breakdown products (dichloroethane [DCA], dichloroethene
[DCE], and vinyl chloride); lower concentrations of aromatic hydrocarbons (benzene, toluene,
ethylbenzene, and xylene); and heavy metals. Because of the high concentrations of chlorinated solvent
compounds in groundwater above the B clay, DNAPL occurrences are suspected at several locations
beneath Site 9. If present, DNAPL may act as along-term source of dissolved-phase contamination in the
unconfined aquifer.

Contaminants in soils consist of heavy metas, VOCs, and semivolatile organic compounds (SVOC).
Eighteen priority pollutant VOCs were detected in soil samples with individua compound concentrations
of up to 3,600 milligrams per kilogram (mg/kg). Fourteen priority pollutant SVOCs, including
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polynuclear aromatic hydrocarbons (PAH), were detected in soil samples with individual compound
concentrations up to 1,668 mg/kg. In the former release areas, soils reportedly are virtually saturated with
VOCs (Jacobs 1995a). In addition, large quantities of VOCs are believed to have evaporated from
saturated soils and groundwater into the vadose zone. Elevated levels of TCE, PCE, and toluene have
been detected in soil gas within the vadose zone.

S:\NoVOCs\Draft Report\Text\Draft Report Rev2.doc 2— 7



